The classical concept that the human nail plate is solely produced by the nail matrix (1) (2) (3) has been challenged by several investigators (4-6) who feel that the nail plate has a tripartite origin: 1) the largest component, the intermediate portion of the nail plate, arising from the matrix, 2) a dorsal portion, arising from the proximal nail fold and 3) a ventral portion, from the nail bed and hyponychiurn. The present study clearly demonstrates a single origin of the nail plate, totally and solely produced by the matrix.
METHODS AND MATERIALS
Tritiated glycine, incorporated into the epidermal proteins of the nail, was followed by autoradiographic technics, allowing the study of the formation of the nail plate, as well as other aspects of nail plate movement.
Fingers and toes of 4 squirrel monkeys were used in this study. Tritiated glycine (sp act = 1.3 C/mM) was injected intraperitoneally into two monkeys and intradermally into the nail area in the other two. The amount of intraperitoneal glycine was calculated to deliver a tissue concentration of at least 2 microcuries of tritiated glycine per gram body weight. In the intradermally injected monkeys 0.05-0.1 cc of fluid (50-100 microcuries) was injected into the skin around all the nails.
The digits were amputated at varying times after the injection of the isotope: i.e. 1 hour, 1, 2, 3, 4, 6, 8, 10, 14, 21 and 28 days. The digits were fixed in 10% buffered formalin for 24 hours and then transferred to a solution containing 10% formalin and 5% trichloroacetic acid to decalcify for about 72 hours. The digits were processed by routine alcohol-paraffin histologic technics as well as by the polyethylene glycol-pyroxylin embedding technic (7) . Sections, cut 3-6 micra thick, were placed on previously subbedded microscope slides with 1% gelatin and dipped in Kodak NTB3 liquid eniulion. Sections were exposed for 4-5 weeks, develThis study was supported in part by a grant from the National Institutes of Health, Public oped and stained with hematoxylin-eosin stains following routine autoradiographic technics.
Normal anatomical considerations
The gross and microscopic anatomical similarities of the squirrel monkey's finger and toe nails with human nails have been previously described (8) .
The normal primate nail organ consists of four epidermal structures: the proximal nail fold (PNF) (Fig. 2) , matrix (M) (Fig. 2) , nail bed (NB) (Fig. 3) , and hyponychium (HYP) (Fig.  4) . These structures are seen in Fig. 1 . The nail plate is produced by the matrix. The matrix basal cells exhibit a keratinization process, typical of hard keratinous structures, which is devoid of a granular layer. The basal cells in their movement to the surface flatten, undergo nuclear lysis and condensation of their cytoplasms becoming horny cells, which, unlike those of the stratum corneum, are not shed but become adherent to each other to form a sheet-like structure, the nail plate. The zone of cytoplasmic condensation just prior to becoming nail plate cells is termed the keratogenous zone (KZ white arrow) (Fig. 2) . The nail plate grows outward and distally. The proximal nail fold is a fold of skin that covers most of the matrix. The dorsal surface of the PNF is the epidermis of the dorsum of the finger while the ventral portion of the PNF is made up of slightly modified epidermis. The boundary between the PNF and the matrix is easily recognized by following the granular layer of the PNF as it fades into the non-granular-layer containing epidermis of the matrix (arrow Fig. 2 ). The same is true of the boundary between the nail bed and the hyponychium (Fig. 4) where the heavy granular layer of the hyponychium epidermis fades proximally to become agranular epidermis of the nail bed. The PNF and hyponychium produce a stratum corneum which hi the case of the former becomes adherent to the surface of the nail as the cuticle (Fig. 1 ) and in the latter accumulates slightly under the distal portion of the nail plate (Fiv &\ and is normally shed.
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RESULTS
One Day
In the one day specimens only the viable epidermal structures incorporate the radio- r-.
•. - Matrix-nail plate-The labeled nail plate continues its distal movement and the sheetlike formation can be readily appreciated (Figs. 8, 18 ). At its proximal end the nail plate has passed the boundary of the PNF and the matrix (Fig. 7) . The plate has received no contributions from the PNF. The distal portion of the tagged nail plate is moving distally over the nail bed and has not received any contribution from it (Fig. 8) .
Proximal nail fold-cuticle .-The labeled proteins continue to replace the existing stratum corneum and by the fourth day have completely replaced the thin horny layers of the proximal areas of the ventral component of the PNF (Fig. 7) and have not contributed to the nail plate. In contrast to this, the dorsal PNF component has replaced only one fourth of its thicker horny layer (Fig. 9) .
The nail bed.-The nail bed continues to remain inactive (Fig. 16 ).
The hyponychi urn -Movement of the labeled cells continues superficially and about one fifth of the horny layer is replaced.
Ten Days
The nail plate continues its distal movement: the proximal tagged portion has not completely emerged from under the proximal nail fold (Fig. 10) . Its superficial and ventral borders have not received any contribution from the proximal nail fold (Fig. 10) , lateral nail fold (Fig. 17) , or the hyponychium. This horny layer is commonly known as the cuticle and, as seen in Fig. 10 , it falls off shortly thereafter as the nail plate moves distally. In the lateral nail folds (Fig. 17) , it is seen that the tagged stratum corneum produced does not contribute to the nail plate. The inactivity of the nail bed with no contribution to the nail plate is again observed.
Days
The tagged nail plate has now emerged from under the proximal nail fold (Fig. 11) .
The plate has received no contributions from the PNF and the hyponychium. New horny layers from the PNF and the hyponychium have replaced the labeled horny layers and are now entire'y isotope free.
DISCUSSION
This study clearly shows that in primates the nail matrix is solely responsible for the formation of the nail plate in normal circumstances. The theory of a three-component nail plate formation formulated by Lewis (4) is based primarily on tinctorial differences when human embryo fingers are stained by the silver proteinate method and is completely invalidated by the evidence presented in this study.
There is no qualitative difference in the incorporation of tritiated glycine into the nail structures from isotope given either intraperitoneally or intradermally at the nail site.
The qualitative patterns of protein synthesis in the epidermis can be studied in the nail organ. It is constituted by epidermis which produces hard and soft keratinous structures. At least three different keratinization processes are involved. As stated previously in the text, there is a greater amount of glycinecontaining protein synthesized in the proximal nail fold and the volar epidermis than there is in the nail matrix and nail bed. This increase in glycine is seen autoradiographically when one compares the densities of the precipitated silver in the stratum corneum and in the nail plate. These qualitative results agree with those of Crounse (9) who showed greater amounts of glycine in stratum corneum than in hair and nail samples studied.
The nail matrix epidermis, which keratinizes without a granular layer and produces the "hard" nail plate, has an increased amount of glycine incorporated in its keratogenous zone implying greater synthesis of a glycine-contaming protein than that seen in the upper layers of normal epidermis. These observations agree with Fukuyama and Epstein (10) who described similar events in human epidermis.
The relatively small amounts of glycine incorporation by nail bed cells implies de- Fig. 5 and a higher magnification of area in Fig. 8 six days after administration of tritiated glycine. The labeled nail plate (NP) continues its distal movement (large arrow). In this location the labeled stratum corneuin of the proximal nail fold (arrows) (PNF) has occupied all the stratum corneum of the pNF which becomes adherent to NP and is dragged distally by it. H&E X 324. , The apparent inactivity of the nail bed epidermis by autoradiographic technics, however, does not invalidate previous observations (3, 12) which suggest that the nail bed adds its horny cells to the underside of the nail plate. The present study suggests that the number of such cells must be minimal and that they do not, in a structural sense, contribute to the formation of the nail plate.
FIG. 7. Corresponding area as in
It has been reported previously (13) that the direction of nail plate cells initially grew upward but on meeting with the resistance of the overlying proximal nail fold, they flattened and were redirected diagnonally outward. This theory was "proved" by transplanting a nail matrix without its PNF into the arm-skin of a volunteer. The resultant dystrophic nail was described as "growing up" instead of out.
The present study negates this theory on the direction of growth of matrix cells and agrees with Maibach and Epstein (14) who first described by autoradiographic technics the nail plate forming as a band along the keratogenous zone in primates. More conclusive evidence to prove that the proximal nail fold does not play a significant role in determining the direction of growth of the matrix cells can be obtained by reviewing the embryology of the human nail (3) In embryos age 11 and 13 weeks, the area which first becomes matrix and produces the first nail plate lies completely outside the proximal nail fold which is in its formative stages. The first-made matrix corresponds to the adult lunula (Fig. 8 ) and determines the shape of the nail plate (15). Samman (16) and Achten (17) have recently popularized the concept of a "ventral nail" as it exists in disease states. What these authors refer to is the horny layer (4) of the nail bed produced in response to the particular stimuli (disease) described and has no similarity to nail plate. The term ventral nail should not be used since it implies a structure which is non-existent.
SUMMARY
In this study tritiated glycine is incorporated into the epidermal proteins of tile nail components of normal Squirrel monkeys and the course of this isotope is followed by autoradiographic technics.
It is seen that the matrix is solely responsible for the formation of the nail plate and that the latter receives no contributions from the proximal nail fold and nail bed, thereby invalidating the three component theory of nail :'.
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